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(57) ABSTRACT

A liquid crystal display device 1s provided. The liquid crystal
display device includes: a liquid crystal cell including a
liquid crystal layer interposed between a pair of transparent
substrates; a backlight unit behind the liqud crystal cell; a
polarizer on a surface of the liquid crystal cell, the surface
opposing the backlight unit; a transparent reinforcement
plate that 1s between the liquid crystal cell and the backlight
unmt and supports the polarizer; and an intermediate frame,
which 1s a middle frame, including a protrusion protruding
toward a space between the backlight unit and the transpar-
ent reinforcement plate. The transparent reinforcement plate
rests on the protrusion of the intermediate frame.

20 Claims, 2 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE
COMPRISING A TRANSPARENT
REINFORCEMENT PLATE DISPOSED
BETWEEN A FIRST POLARIZER AND A
BACKLIGHT UNIT

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s based on and claims priority of
Japanese Patent Application No. 2016-192085 filed on Sep.

29, 2016. The entire disclosure of the above-identified
application, including the specification, drawings and claims
1s incorporated herein by reference 1n 1ts entirety.

FIELD

The present disclosure relates to a liquad crystal display
device.

BACKGROUND

Liquid crystal display devices are used as, for example,
displays 1n, for example, televisions and monitors due to
their capability to display images with low power consump-
tion.

Such a liquid crystal display device includes, for example,
a liquid crystal cell including a liquad crystal layer inter-
posed between a pair of transparent substrates, a backlight
unit disposed behind the liquid crystal cell, and a frame that
holds the liquid crystal cell and the backlight unit (for
example, see Japanese Unexamined Patent Application Pub-
lication No. 2000-180819).

SUMMARY

However, among conventional liquid crystal display
devices, there 1s a problem that the liquid crystal cell warps,
leading to a reduction 1n 1mage quality.

The present disclosure was conceived to overcome such a
problem and has an object to provide a liquid crystal display
device capable of mhibiting reduction in 1image quality by
inhibiting the liquid crystal cell from warping.

In order to achieve the above object, 1n one aspect, a
liquid crystal display device according to the present dis-
closure includes: a liquid crystal cell; a backlight unit behind
the liquid crystal cell; a polarizer on a surface of the liquid
crystal cell, the surface opposing the backlight unit; a
transparent reinforcement plate that 1s between the liquid
crystal cell and the backlight umit and supports the polarizer;
and a middle frame including a protrusion protruding toward
a space between the backlight unit and the transparent
reinforcement plate. The transparent reinforcement plate
rests on the protrusion.

Since the liquid crystal cell can be inhibited from warp-
ing, reduction in 1mage quality due to warping of the liquid
crystal cell can be inhibited.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that 1llustrate a specific embodiment of the present
invention.

FIG. 1 1s a plan view schematically illustrating a liquid
crystal display device according to an embodiment.
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FIG. 2 1s a cross sectional view of the liquid crystal
display device according to the embodiment, taken at line
II-II 1n FIG. 1.

FIG. 3 1s a partial cross sectional view of a liquid crystal
display device according to comparative example 1.

FIG. 4 1s a partial cross sectional view of a liquid crystal
display device according to comparative example 2.

DESCRIPTION OF EMBODIMENT

The following describes an exemplary embodiment of the
present disclosure. The embodiment described below 1s
merely one specific example of the present disclosure. The
numerical values, shapes, materials, elements, and arrange-
ment and connection of the elements, etc. indicated 1n the
following embodiment are given merely by way of illustra-
tion and are not intended to limit the present disclosure.
Therefore, among elements 1n the following embodiment,
those not recited in any one of the independent claims
defining the broadest inventive concept of the present dis-
closure are described as optional elements.

Note that the figures are schematic illustrations and are
not necessarily precise depictions. Accordingly, the figures
are not necessarily to scale. Moreover, 1n the figures, ele-
ments that are essentially the same share like reference
signs. Accordingly, duplicate description 1s omitted or sim-

plified.

Embodiment

The configuration of the liquid crystal display device 1
according to the embodiment will be described with refer-
ence to FIG. 1 and FIG. 2. FIG. 1 1s a plan view schemati-
cally illustrating the liquid crystal display device 1 accord-
ing to the embodiment. FIG. 2 1s a cross sectional view of
the liquid crystal display device 1 according to the embodi-
ment, taken at line II-II 1n FIG. 1.

As 1llustrated 1n FIG. 1 and FIG. 2, the liqmd crystal
display device 1 according to this embodiment includes a
liquid crystal cell 10, a backlight unit 20 disposed behind the
liguid crystal cell 10, a first polarizer 31 and a second
polarizer 32 respectively disposed on both surfaces of the
liquid crystal cell 10, a frame 40 that holds the liquid crystal
cell 10 and the backlight unit 20, and a transparent rein-
forcement plate 50.

The liquid crystal cell 10 1s a liquid crystal panel that
displays an 1mage on the display surface, which 1s the front
surface. For example, the liquid crystal cell 10 includes a
pair of transparent substrates 11 and a liquid crystal layer 12
disposed between the pair of transparent substrates 11. A
driver substrate on which a driver integrated circuit (IC) 1s
formed 1s connected to the liquid crystal cell 10 via a tlexible
substrate such as a flexible printed circuit (FPC). In this
embodiment, the liquid crystal cell 10 1s, but not limited to,
being driven using an in-plane switching (IPS) dniving
method; a vertical alignment (VA) or twisted nematic (TN)
driving method may be used.

The pair of transparent substrates 11 are, for example,
rectangular glass substrates disposed so as to oppose one
another. The pair of transparent substrates 11 include a thin
film transistor (TFT) substrate 11a (TFT glass) having, for
example, electric lines formed thereon, and a color filter
(CF) substrate 115 (CF glass) including red (R), green (G),
and blue (B) color filters. In this embodiment, the outline of
the TFT substrate 11a 1s larger than the outline of the CF
substrate 115.
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The liguid crystal layer 12 is sealed between the pair of
transparent substrates 11. The liquid crystal material used for
the liquid crystal layer 12 may be selected according to the
method used to drive the liquid crystal cell 10.

The backlight unit 20 emits light toward the liquid crystal
cell 10. The backlight umt 20 1s a surface light source that
emits uniform scattered light (ditffused light).

In this embodiment, the backlight unit 20 includes a
backlight 21 and an optical sheet 22.

The backlight 21 1s, for example, a light emitting diode
(LED) backlight that uses LEDs as a light source. White
LED elements that emit white light can be used as the LEDs.
In such cases, the white LED elements may include, for
example, a blue LED chip and a yellow phosphor.

In this embodiment, the backlight 21 1s a direct-lit LED
backlight in which LEDs are arranged in a matrix on a
substrate. Note that the backlight 21 may be an edge-lit
backlight including a light gmide plate, a light source dis-
posed at an edge surface of the light guide plate, and a
reflector disposed on the rear surface of the light guide plate.

The optical sheet 22 15 disposed on the front surface of the
backlight 21. The optical sheet 22 may comprise one sheet
or two or more sheets. For example, the optical sheet 22
includes a diffuser (diffusion sheet) for diffusing light from
the backlight 21.

The first polarizer 31 1s disposed on the liquid crystal cell
10, on the surface opposing the backlight unit 20 (i.e., on the
rear surface of the liquid crystal cell 10). In other words, the
first polarizer 31 1s a lower polarizer disposed on the rear
surface (lower surface) of the liquid crystal cell 10. More
specifically, the first polarizer 31 i1s bonded to the outer
surtace of the TFT substrate 11a.

The second polarizer 32 1s disposed on the liquid crystal
cell 10, on the surface opposite the surface opposing the
backlight unit 20 (1.e., on the front surface of the liquid
crystal cell 10). In other words, the second polarizer 32 1s an
upper polarizer disposed on the front surface (upper surface)
of the liquid crystal cell 10. More specifically, the second
polarizer 32 1s bonded to the outer surface of the CF
substrate 115.

The first polarizer 31 and the second polarizer 32 are
disposed such that their respective polarizing directions are
orthogonal to one another. In other words, the first polarizer
31 and the second polarizer 32 are disposed 1n a crossed
nicols configuration. The first polarizer 31 and the second
polarizer 32 are, for example, polarizing film sheets made of
a resin material. Moreover, a phase retarder (phase retarding
f1lm) may be bonded to each of the first polarizer 31 and the
second polarizer 32.

The frame 40 includes an upper frame 41 (ifront frame) a
lower frame 42 (rear frame), and an intermediate frame 43
(middle frame).

As 1llustrated in FIG. 1, the upper frame 41 has a
frame-like rectangular shape 1n a plan view, and as 1llus-
trated 1n FIG. 2, 1s an angled component having an L-shaped
cross section. The upper frame 41 includes a side wall
disposed on a lateral side of the liquid crystal cell 10 and the
backlight unit 20, and a bezel that covers the outer periphery
of the liquid crystal cell 10. The upper frame 41 1s an outer
component that forms the outer contour of the frame 40, and
may be made of a nigid material, such as a copper or
aluminum plate.

The lower frame 42 includes a side wall that 1s disposed
on a lateral side of the liquid crystal cell 10 and backlight
unit 20 and mward relative to the side wall of the upper
frame 41, and a rear surface section that covers the lower
surface of the backlight unit 20. The lower frame 42 1s an
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outer component that forms the outer contour of the frame
40, and like the upper frame 41, may be made of a rigid
material, such as a copper or aluminum plate.

The intermediate frame 43 has a rectangular frame-like
plan view shape, and has a T-shaped cross section. A molded
frame formed by molding composite resin may be used as
the intermediate frame 43, but the material of the interme-
diate frame 43 1s not limited to a resin material; the inter-
mediate frame 83 may be made of a metal material. The
intermediate frame 43 may have light blocking properties,
such as by being black in color, but 1s not limited to this
example.

The intermediate frame 43 includes a protrusion 43a that
protrudes toward a space between the backlight unit 20 and
the transparent reinforcement plate 50, and a side wall 435

disposed on a lateral side of the liquid crystal cell 10 and the
backlight unit 20.

The protrusion 43a protrudes from the side wall 435,
toward a space between the liquid crystal cell 10 and the
transparent reinforcement plate 50, to a position correspond-
ing to the outer periphery of the liquid crystal cell 10.

The side wall 4356 1s disposed between a side wall of the
lower frame 42 (or upper frame 41) and the transparent
reinforcement plate 50. Moreover, the side wall 435 may
also function as a spacer that regulates the distance between
the upper frame 41 and the lower frame 42. The bottom end
of the side wall 435 may or may not contact the inner surface
of the rear surface section of the lower frame 42. Moreover,
the top end of the side wall 435 may or may not contact the
inner surface of the bezel of the upper frame 41.

Moreover, 1n this embodiment, the transparent reinforce-
ment plate 50 contacts the mner surface of the side wall 435,
but the side wall 435 and the transparent reinforcement plate
50 need not be 1 contact.

The transparent reinforcement plate 50 1s a support com-
ponent that supports the first polarizer 31, and 1s disposed
between the liquid crystal cell 10 and the backlight unit 20.
In this embodiment, the transparent reinforcement plate 50
1s disposed between the first polarizer 31 on the liquid
crystal cell 10 and the backlight unit 20.

The transparent reinforcement plate 30 1s bonded to the
first polarizer 31 on the liquid crystal cell 10. Accordingly,
the transparent reinforcement plate 50 supports the liquid
crystal cell 10 i addition to the first polarizer 31. In this
embodiment, the transparent reinforcement plate 50 1s
bonded to the first polarizer 31 via an adhesive layer 33,
which fixes the transparent reinforcement plate 50 and the
liquad crystal cell 10 together. For example, a transparent
adhesive, such as an optically clear adhesive (OCA) can be
used as the adhesive layer 33.

The transparent reinforcement plate 50 rests on the pro-
trusion 43a of the intermediate frame 43. More specifically,
the transparent reinforcement plate 50 rests on the protrusion
43a 1n a state 1n which the liquid crystal cell 10 1s bonded
to the transparent reinforcement plate 50. In this case, the
transparent reinforcement plate 50 1s not fixed to the pro-
trusion 43a (the intermediate frame 43), but rests on the
protrusion 43a so as to be movable relative to the frame 40.
More specifically, the transparent reinforcement plate 50
rests on the protrusion 43a such that 1t can freely shide
horizontally relative to the surface of the liquid crystal cell
10 (1.e., parallel to the surface of the liquid crystal cell 10)
on the frame 40. In other words, the liquid crystal cell 10 1s
held by the frame 40 so as to be capable of sliding along with
the transparent reinforcement plate 50, in directions parallel
to 1ts surface.
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In this embodiment, the transparent reinforcement plate
50 rests on the protrusion 43a via a non-adhesive cushion
61. In other words, the transparent reinforcement plate 50 1s
disposed on the non-adhesive cushion 61. The non-adhesive
cushion 61 1s a shock absorbing component having a closed-
cell structure, such as polyethylene foam, and the surface of
the non-adhesive cushion 61 1s smooth and dry to the touch.
The non-adhesive cushion 61 1s fixed to the protrusion 43a
of the intermediate frame 43 by, for example, an adhesive.

Note that a cushion 62 may be disposed between the upper
frame 41 and the liquid crystal cell 10. More specifically, the
cushion 62 may be iserted so as to be held between the
upper frame 41 and the second polarizer 32. This makes 1t
possible to eliminate a gap between the upper frame 41 and
the liquid crystal cell 10 (the second polarizer 32), thereby
making 1t possible to 1nhibit infiltration of, for example, dust
and/or bugs.

In a plan view, the outer contour of the transparent
reinforcement plate 50 1s external to the outer contour of the
liquid crystal cell 10. In other words, the outline of the
transparent reinforcement plate 50 is larger than the outline
of the liquid crystal cell 10. In this embodiment, since the
outline of the TF'T substrate 11a 1s larger than the outline of
the CF substrate 115, the outline of the transparent rein-
forcement plate 50 1s designed to be larger than the outline
of the TF'T substrate 11a.

In this way, by designing the outline of the transparent
reinforcement plate 50 to be larger than the outline of the
liguad crystal cell 10, as illustrated 1n FIG. 2, a gap g
between the inner surface of the side wall 436 of the
intermediate frame 43 and the liquid crystal cell 10 (the TFT
substrate 11a) can be provided. The gap g 1s equivalent to the
difference in size between the transparent reinforcement
plate 50 and the liquid crystal cell 10 (the TFT substrate
11a). This prevents the liquid crystal cell 10 (the TEFT
substrate 11a) from contacting the intermediate frame 43.

For example, plate glass that i1s transparent relative to
visible light can be used as the transparent reinforcement
plate 50 configured as described above. More specifically,
tempered glass that has excellent mechanical strength can be
used as the transparent reinforcement plate 50. In this case,
the glass used as the transparent reinforcement plate S0 may
transmit 1nfrared light 1n addition to visible light.

Moreover, a metal layer made of a metal material that has
a high thermal conductivity, such as copper, may be formed
on the transparent reinforcement plate 50. In this case, a
patterned film having holes arranged in a mesh or grid
pattern may be used as the metal layer, or a metal film
formed on almost the entire surface of the transparent
reinforcement plate 50 may be used as the metal layer so
long as the film 1s thin enough to transmit light. Note that 1f
the metal layer 1s to be formed on the transparent reinforce-
ment plate 50, the metal layer 1s desirably formed on the
surface of the transparent reinforcement plate 30 that
opposes the backlight unit 20.

The ligumid crystal display device 1 configured in this
manner 1s HDR-compatible, which 1s compatible with, for
example, 4K/8K, and as described above, a high-luminosity
direct-lit LED backlight capable of local dimming is used as
the backlight 21. This makes it possible to display a high
contrast, high-quality color image.

Next, the advantageous eflects of the liquid crystal display
device 1 according to this embodiment as well as how the
techniques of the present disclosure were arrived at will be
described with reference to FIG. 3 and FIG. 4, while also
referring back to FIG. 2. FIG. 3 1s a partial cross sectional
view of a liguid crystal display device 1A according to
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6

comparative example 1. FIG. 4 1s a partial cross sectional
view ol a liquid crystal display device 1B according to
comparative example 2.

In liquad crystal display devices, 1t 1s conceivable for the
liquid crystal cell to be held down using a structural com-
ponent such as a frame in order to fix the liquid crystal cell
in place. However, physically holding down the liquid
crystal cell using a structural component reduces the quality
of images displayed on the liquid crystal cell. For example,
holding the edge portion of the liquid crystal cell down by
the upper frame generates local stress in the liquid crystal
cell, which reduces 1mage quality.

Accordingly, as illustrated in FIG. 3, 1n the liquid crystal
display device 1A according to comparative example 1, the
liquid crystal cell 10 1s held by the frame 40 1n a state 1n
which a gap 1s present (1.e., 1n a state in which there 1s
clearance) between the upper frame 41 and the liquid crystal
cell 10. This makes it possible to inhibit a reduction 1n 1mage
quality caused by the liquid crystal cell 10 being held down
by the upper frame 41.

However, with the configuration of the liquid crystal
display device 1A according to the comparative example 1
illustrated 1in FIG. 3, expansion and contraction of the first
polarizer 31 and the second polarizer 32 cause the liquid
crystal cell 10 to warp, resulting in the problem of a
reduction in 1mage quality.

More specifically, the first polarizer 31 and the second
polarizer 32 are respectively disposed on both surfaces of
the liquid crystal cell 10, and expansion of the first polarizer
31 and the second polarizer 32 due to heat or absorbing
moisture causes the liquid crystal cell 10 to warp.

For example, the first polarizer 31 and the second polar-
izer 32 are aflected by heat as a result of light from the
backlight umit 20 being absorbed as 1t passes through the first
polarizer 31 and the second polarizer 32 and converted into
heat. The first polarizer 31 and the second polarizer 32 are
also aflected by heat as a result of light from the backlight
unit 20 being absorbed as it passes through the liquid crystal
cell 10 and converted into heat, whereby the heat produced
in the liquid crystal cell 10 transfers to the first polarizer 31
and the second polarizer 32. For example, approximately
95% of the light from the backlight unit 20 1s absorbed by
the liquid crystal cell 10. When the first polarizer 31 and the
second polarizer 32 are aflected by heat 1n this manner, the
first polarizer 31 and the second polarizer 32 thermally
expand laterally. In such cases, when the amounts of thermal
expansion (amounts of increase in size) of the first polarizer
31 and the second polarizer 32 are different, the liquid
crystal cell 10 sandwiched between the first polarizer 31 and
the second polarizer 32 warps. Moreover, the liquid crystal
cell 10 warps not only when the first polarizer 31 and the
second polarizer 32 expand, but may also warp when the
first polarizer 31 and the second polarizer 32 contract when,
for example, the temperatures of the first polarizer 31 and
the second polarizer 32 decrease.

The liquid crystal cell 10 warping 1n this manner reduces
the image quality of the liqguid crystal display device 1A. For
example, when the liquid crystal cell 10 1s driven using an
IPS driving method, regions displayed in black appear
uneven.

In light of this, one conceivable configuration is to include
a transparent reinforcement plate S0B that covers the entire
front surface of the liquid crystal cell 10, as 1llustrated 1n the
liquad crystal display device 1B according to comparative
example 2 illustrated 1n FIG. 4. For example, the transparent
reinforcement plate S0B, which 1s a single pane of plate
glass, 1s disposed to cover the second polarizer 32 on the




US 10,690,956 B2

7

front surface of the liquid crystal cell 10 and the front
surface of the bezel of the upper frame 41, and 1s bonded to
the second polarizer 32 and the upper frame 41 using a
transparent adhesive.

However, with the configuration of the liquid crystal
display device 1B according to comparative example 2
illustrated 1n FIG. 4, the liquid crystal cell 10 1s fixed to the
upper frame 41 via the transparent reinforcement plate 50B,
whereby the liquid crystal cell 10 1s held down by the
transparent reinforcement plate 50B, thereby restricting
movement of the liquid crystal cell 10. Accordingly, there 1s
concern that this will generate local stress in the liquid
crystal cell 10, resulting 1n a localized reduction of 1image
quality. Moreover, when the liquid crystal cell 10 1s fixed 1n
place by the frame 40 (the upper frame 41), if the frame 40
deforms due to, for example, being screwed down or com-
pressed, this may generate stress 1n the liquid crystal cell 10
and reduce 1image quality.

Moreover, the first polarizer 31, which 1s closer to the
backlight unit 20 than the second polarizer 32, 1s more likely
to have a higher amount of thermal expansion than the
second polarizer 32. This results in the liquid crystal cell 10
tending to warp by bowing convexly toward the backlight
unit 20, but the transparent reinforcement plate S0B 1hibits
the liquid crystal cell 10 from warping. As a result, internal
stress may generate in the substrates 11a and 115 1n the
liquad crystal cell 10 whereby double refraction may occur
in the surfaces of the substrates 11a and 11b, possibly
causing a reduction in 1mage quality.

When the backlight unit 20 1s capable of local dimming in
particular, there 1s a chance that light from the backlight unit
20 may not only illuminate the liquid crystal cell 10 and the
first polarizer 31 (the second polarizer 32) in entirety, but
also locally. Accordingly, 1n addition to cases 1n which the
first polarizer 31 and the second polarizer 32 expand as a
whole, causing the liquid crystal cell 10 to tend to warp as
a whole, there are cases 1n which the first polarizer 31 and
the second polarizer 32 expand locally, causing the liquid
crystal cell 10 to tend to warp locally. In such cases, there 1s
concern that this will produce a localized reduction 1n 1mage
quality. Moreover, when the backlight unit 20 1s a high-
luminosity, HDR compatible backlight unit, the localized
warping of the liquid crystal cell 10 1s obvious.

Moreover, by bonding the transparent reinforcement plate
50B to the front surface side of the liquid crystal cell 10, as
1s the case 1n the liqud crystal display device 1B according
to comparative example 2 illustrated in FIG. 4, when the
liquid crystal display device 1B i1s used as a sensor panel,
there 1s a problem that stray light more easily enters the
liquad crystal cell 10.

In order to address this, the liquid crystal display device
1 according to this embodiment includes: the liquid crystal
cell 10 including a pair of transparent substrates 11 and a
liquid crystal layer 12 disposed between the pair of trans-
parent substrates 11; the backlight unit 20 behind the liquid
crystal cell 10; the first polarizer 31 on a surface of the liquid
crystal cell 10, the surface opposing the backlight unit 20;
the transparent reinforcement plate 50 that 1s between the
liquad crystal cell 10 and the backlight unit 20 and supports
the first polarizer 31; and the intermediate frame 43, which
1s the middle frame, including the protrusion 43a protruding
toward a space between the backlight unit 20 and the
transparent reinforcement plate 50. The transparent rein-
forcement plate 30 rests on the protrusion 43a of the
intermediate frame 43.

Accordingly, 1n the liquid crystal display device 1 accord-
ing to this embodiment, the first polarizer 31 on the rear
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surface side of the liquid crystal cell 10 1s supported by the
transparent reinforcement plate 50 and the transparent rein-
forcement plate 50 rests on the protrusion 43a of the
intermediate frame 43.

This makes it possible to inhibit the liquid crystal cell 10
from warping due to expansion and contraction from heat
and moisture absorption by the first polarizer 31 on the rear
surface side of the liquid crystal cell 10, by bracing the liquid
crystal cell 10 with the transparent reinforcement plate 50.
Accordingly, since the liquid crystal cell 10 can be 1nhibited
from warping due to expansion amount differences between
the first polarizer 31 and the second polarizer 32, reduction
in 1mage quality can also be mhibited. In particular, local-
1zed reduction 1n 1mage quality can be inhibited.

Further, since the transparent reinforcement plate 50 rests
on the protrusion 43a of the intermediate frame 43, the
transparent reinforcement plate 50 1s held by the frame 40 1n
a state 1n which it 1s not fixed in the frame 40. In other words,
the transparent reinforcement plate 50 1s movable relative to
the frame 40. As a result, the liquid crystal cell 10 held by
the transparent reinforcement plate 50 1s also held by the
frame 40 without being fixed to the frame 40. This makes 1t
possible to 1mhibit reduction 1 1image quality since genera-
tion of stress 1n the liquid crystal cell 10 can be inhibited
even 1f the frame 40 deforms due to, for example, being
screwed down or compressed.

Further, since the transparent reinforcement plate 50 1s
disposed behind the liquid crystal cell 10 and not 1n front of
the hiquid crystal cell 10, even when the liqud crystal
display device 1 1s used as a sensor panel, stray light can be
inhibited from entering.

Moreover, 1n the liquid crystal display device 1 according
to this embodiment, the outer contour of the transparent
reinforcement plate 50 1s external to the outer contour of the
liquad crystal cell 10.

With this configuration, reduction 1n 1image quality can be
inhibited even further, and the edge portions of the liquid
crystal cell 10 can be prevented from being damaged. This
will be discussed 1n further detail below.

When the liquid crystal display device 1 stands vertically
such that the front surface of the liquid crystal cell 10 1s
facing horizontally, the intermediate frame 43 1s located
below the liquid crystal cell 10 In these cases, the liquid
crystal cell 10 and the transparent reinforcement plate 50
move downward due to gravity, but when the outer contour
of the transparent reinforcement plate 50 1s further inward
than the outer contour of the liquid crystal cell 10 (for
example, when the outline of the transparent reinforcement
plate 50 1s smaller than the outline of the liquid crystal cell
10), the liqud crystal cell 10 protrudes out farther than the
transparent reinforcement plate 50, whereby the edge of the
liquid crystal cell 10 rather than the transparent reinforce-
ment plate 50 comes into contact with the intermediate
frame 43. This places stress on the edge portion of the liquid
crystal cell 10, and may deform the liquid crystal cell 10 and
thus reduce 1mage quality, or damage the end portion of the
liquid crystal cell 10.

In contrast, when the outer contour of the transparent
reinforcement plate 50 1s external to the outer contour of the
liquiad crystal cell 10, when the liqud crystal display device
1 stands vertically, even 11 the liquid crystal cell 10 and the
transparent reinforcement plate 50 move downward due to
gravity, the edge portion of the transparent reinforcement
plate 50 protrudes farther out than the liquid crystal cell 10,
whereby the edge of the transparent reinforcement plate 50
instead of the liquid crystal cell 10 comes 1into contact with
the mtermediate frame 43. Since this makes it possible to
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avoild stress from generating in the edge portions of the
liguid crystal cell 10, reduction 1n 1mage quality can be
inhibited even further, and the edge portions of the liquid
crystal cell 10 can be prevented from being damaged.

Moreover, the liquid crystal display device 1 according to
this embodiment further includes the non-adhesive cushion
61 that 1s fixed to the protrusion 43a of the intermediate
frame 43, and the transparent reinforcement plate 50 rests on
the protrusion 43a via the non-adhesive cushion 61.

This makes it possible to avoid defects due to the trans-
parent remnforcement plate 50 and the intermediate frame 43
(the protrusion 43a) coming into direct contact, and makes
it possible to easily ensure a state in which the transparent
reinforcement plate 50 1s movable relative to the frame 40.
As a result, reduction 1n image quality due to deformation of
the frame 40 can be mhibited and the transparent reinforce-
ment plate 50 can be protected.

Moreover, 1n the liquid crystal display device 1 according
to this embodiment, a metal layer may be formed on the

transparent reinforcement plate 50.

This makes 1t possible to further inhibit the liquid crystal
cell 10 from warping due to thermal expansion of the first
polarizer 31, since heat can be efliciently dissipated from the
first polarizer 31. Accordingly, reduction in 1mage quality
can be further inhibited. Moreover, by dissipating heat from
the first polarizer 31, deterioration of the first polarizer 31
due to heat can be mhibited.

Moreover, in the liquid crystal display device 1 according,
to this embodiment, the transparent reinforcement plate 50
may be plate glass.

This makes 1t possible to realize a structure capable of
casily mhibiting the liqud crystal cell 10 from warping.

Moreover, 1n the liquid crystal display device 1 according,
to this embodiment, the transparent reinforcement plate 50
(plate glass) may transmuit infrared light 1n addition to visible
light.

The first polarizer 31 1s aflected by heat when the trans-
parent remnforcement plate 50 absorbs infrared light, the
absorbed infrared light 1s converted into heat, and the heat
1s transierred to the first polarizer 31. However, when
infrared light 1s transmitted by the transparent reinforcement
plate 50, the first polarizer 31 can be inhibited from being
allected by heat resulting from the transparent reinforcement
plate 50 absorbing light. This makes 1t possible to further
inhibit the liqud crystal cell 10 from warping due to thermal
expansion of the first polarizer 31.

Moreover, 1n the liquid crystal display device 1 according,
to this embodiment, the transparent reinforcement plate 50
1s bonded to the first polarizer 31 via the adhesive layer 33.

With this, the transparent reinforcement plate 30 and the
liquad crystal cell 10 can easily be bonded together. More-
over, by bonding the transparent reinforcement plate 50 and
the liquid crystal cell 10 together, the transparent reinforce-
ment plate 30 and the liquid crystal cell 10 can move as a
single unit relative to the frame 40. With this, the transparent
reinforcement plate 50 and the liquid crystal cell 10 can be
held by the frame 40 as a single unit, and reduction 1n 1image
quality due to deformation of the frame 40 can be inhibited.
Variation

While the liquid crystal display device according to the
present disclosure has been described according to an exem-
plary embodiment, the present disclosure 1s not limited to
this embodiment.

For example, 1n the above embodiment, white light 1s
produced using phosphor as a wavelength converter 1n the
backlight unit 20, but this example i1s not limiting; for
example, quantum dots may be used as a wavelength con-
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verter. In these cases, white LED elements employing quan-
tum dots may be used as the light source for the backlight 21,
but an optical film (quantum dot film) containing quantum
dots such as a quantum dot enhancement film (QDEF) may
be used as the optical sheet 22, and blue LED elements that
emit blue light that excites the quantum dots may be used as
the light source for the backlight 21. Note that two types of
quantum dots may be used to convert the blue light into
ogreen light and red light. By using quantum dots as the
wavelength converter, compared to when phosphor 1s used
as the wavelength converter, it 1s possible to achieve a liquid
crystal display device having more desirable color rendering
properties.

Moreover, i the above embodiment, glass substrates are
used as the transparent substrates 11 included in the liquid
crystal cell 10, but thus example 1s not limiting; for example,
transparent resin substrates may be used as the transparent
substrates 11.

Those skilled 1n the art will readily appreciate that many
modifications are possible 1n the above exemplary embodi-
ment and vanations without materially departing from the
novel teachings and advantages of the present disclosure.
Accordingly, all such modifications are intended to be
included within the scope of the present disclosure.

The mmvention claimed 1s:

1. A liqud crystal display device comprising;

a liqud crystal cell comprising a first transparent sub-
strate, a second transparent substrate, and a liquid
crystal layer disposed between the first transparent
substrate and the second transparent substrate;

a backlight unit behind the liquid crystal cell;

a first polarizer disposed between the liquid crystal cell
and the backlight unit and attached to the first trans-
parent substrate;

a transparent remnforcement plate disposed between the
first polarizer and the backlight unit and attached to the
first polarizer;

a middle frame including:

a protrusion protruding toward a space between the
backlight unit and the transparent reinforcement
plate, and

a side wall disposed on a lateral side of the liquid
crystal cell and the first polarizer,

wherein the transparent reinforcement plate rests on the
protrusion, and 1n a plan view, an outer contour of the
transparent reinforcement plate 1s external to each of
an outer contour of the first transparent substrate, an
outer contour of the second transparent substrate,
and an outer contour of the first polarizer,

a first gap 1s disposed 1n a space at least partially
surrounded by the first transparent substrate, the side
wall, the transparent reinforcement plate, and the
first polarizer,

a second gap 1s provided between the side wall and the
liquad crystal cell, and

the first gap 1s wider in a lateral direction than the
second gap.

2. The liquad crystal display device according to claim 1,
further comprising;:

a non-adhesive cushion fixed to the protrusion,

wherein the transparent reinforcement plate rests on the
protrusion via the non-adhesive cushion.

3. The liquid crystal display device according to claim 1,
wherein a metal layer 1s formed on a surface of the trans-
parent reimnforcement plate that faces the backlight unat.

4. The liquid crystal display device according to claim 1,
wherein the transparent reimnforcement plate 1s plate glass.
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5. The liguid crystal display device according to claim 4,
wherein the plate glass transmits visible light and infrared
light.

6. The liqud crystal display device according to claim 1,
wherein the transparent reinforcement plate 1s bonded to the
first polarizer via an adhesive layer.

7. The liqud crystal display device according to claim 1,
wherein the liquid crystal cell 1s driven using an in-plane
switching driving method.

8. The liqud crystal display device according to claim 1,
turther comprising:

a second polarizer attached to the second transparent

substrate,

wherein 1n a plan view, the outer contour of the transpar-
ent reinforcement plate 1s external to an outer contour
of the second polarizer.

9. The liqud crystal display device according to claim 1,
wherein the outer contour of the first transparent substrate 1s
external to the outer contour of the first polanizer.

10. The liquid crystal display device according to claim 2,
wherein

an air gap 1s provided 1n a space at least partially sur-
rounded by the non-adhesive cushion, the side wall, the
transparent reinforcement plate, and the protrusion.

11. The liqud crystal display device according to claim 1,
wherein a third gap 1s provided between the side wall and the
transparent reinforcement plate.

12. The liqud crystal display device according to claim
11, wherein the first gap 1s wider 1n a lateral direction than
the third gap.

13. A liqud crystal display device comprising:

a liquid crystal cell comprising a first transparent sub-
strate, a second transparent substrate, and a lhquid
crystal layer disposed between the first transparent
substrate and the second transparent substrate;

a backlight unit behind the liquid crystal cell;

a lirst polarizer disposed between the liquid crystal cell
and the backlight unit and attached to the first trans-
parent substrate;

a transparent reinforcement plate disposed between the
first polarizer and the backlight unit and attached to the
first polarizer;

a middle frame including a protrusion protruding toward
a space between the backlight unit and the transparent
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reinforcement plate, and a side wall disposed on a
lateral side of the liquid crystal cell and the first
polarizer,

wherein the transparent reinforcement plate rests on the
protrusion, and 1n a plan view, an outer contour of the
transparent reinforcement plate 1s external to each of
an outer contour of the first transparent substrate, an
outer contour of the second transparent substrate,
and an outer contour of the first polarizer;

a first gap disposed in a space at least partially sur-
rounded by the first transparent substrate, the side
wall, the transparent reinforcement plate, and the
first polarizer,

a second gap provided between the side wall and the
transparent reinforcement plate, and

the first gap 1s wider 1n a lateral direction than the
second gap.

14. The liquid crystal display device according to claim
13, further comprising:

a non-adhesive cushion fixed to the protrusion,

wherein the transparent reinforcement plate rests on the

protrusion via the non-adhesive cushion.

15. The liquid crystal display device according to claim
13, wheremn a metal layer 1s formed on a surface of the
transparent reinforcement plate that faces the backlight unait.

16. The liquid crystal display device according to claim
13, wherein

the transparent reinforcement plate i1s plate glass, and

the plate glass transmits visible light and 1nfrared light.

17. The liquid crystal display device according to claim
13, wherein the transparent reinforcement plate 1s bonded to
the first polarizer via an adhesive layer.

18. The liquid crystal display device according to claim
13, wherein the liquid crystal cell 1s driven using an in-plane
switching driving method.

19. The liquid crystal display device according to claim
13, further comprising:

a second polarizer attached to the second transparent

substrate,

wherein in a plan view, the outer contour of the transpar-

ent reinforcement plate 1s external to an outer contour

of the second polarizer.

20. The liquid crystal display device according to claim
13, wherein the outer contour of the first transparent sub-
strate 1s external to the outer contour of the first polarizer.
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